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Abstract 
As recently as the 2011 National Hockey League (NHL) season, all but two NHL goaltenders used wood goalie 
sticks, even while the trend among players was almost unanimous carbon fiber stick usage.  The reason for this trend 
is because the goalies do not like the vibration felt by composite sticks because there is a lot of sting in the carbon 
fiber sticks.  The design and implementation of vibration absorbers have been successful in baseball bats and field 
hockey sticks. Experimental Modal Analysis (EMA) was conducted on a number of wood and composite sticks to 
identify the mode shapes and frequencies that are responsible for sting.  Using a background in structural vibrations, a 
vibration absorber was designed to eliminate the undesirable frequencies in composite goalie sticks to improve feel 
for goalies.  Design and validation was conducted using a series of damping tests as well as EMA to develop the 
vibration absorber.  Before and after results were compared to see the effect of the vibration absorber. 
© 2012 Published by Elsevier Ltd. 
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1. Background 
In the game of hockey, pucks are often shot at speeds in excess of 100 mph and it is the goaltender’s 
job to stop the pucks from going into the net. The goalie stick is the primary tool used to prevent goals.  
Wood sticks are constructed using thin layers of birch that are glued together and most sticks have fiber 
glass over the blades. They are solid, making them heavier than carbon fiber, but they vibrate less, so 
goalies prefer to use the wood. During the 2009-2010 NHL season, only two goalies used a completely  
* Corresponding author. Tel.: 586-991-1498. 
E-mail address: ketteringhunt8831@gmail.com. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
350   Linda Hunt and Isaac Garcia /  Procedia Engineering  34 ( 2012 )  349 – 354 
composite stick which is opposite of the position players where only two use wood sticks [1]. Composite 
sticks are made from layers of unidirectional carbon fiber (CF) that are stacked on top of each other. 
Changing the direction of ply layers, one can obtain the desired flex and stiffness.  The outer layer is fiber 
glass to provide the toughness.  Composite sticks have light-weight foam in the blade and paddle, while 
the handles remain hollow. They are lighter than wood sticks but tend to vibrate much more than the 
wood and cause stinging sensation and discomfort in the goalie’s hand.  
Many papers have been addressed the relationship between the static and dynamic properties of player 
sticks and the perception of feel. Marino et. al. [2] compared the stiffness of several wood, composite, and 
aluminum sticks and found that wood sticks twist while composite sticks do not and aluminum sticks are 
the strongest but do not allow the player to feel the puck as well. Chesi et. al. [3] showed that the time of 
contact between a puck and blade of a stick is in the order of milliseconds so this needs to be analyzed 
dynamically. This short duration that the puck is in contact with the stick results in high frequency 
vibrations. Chesi et. al. used finite elements to get the natural modes of the stick, static bend test to 
provide load profiles and experimental modal analysis to obtain mechanical properties. The modal 
analysis showed that there were straight bending modes and modes that combine torsion and bending. 
Moreno et al. [4] found that the most important force occurs at the location of the bottom hand and the 
force vs. time graphs could provide the “signature of the player.”  There have been studies on the 
vibrations of other handheld sports equipment and how they relate to damping and feel; Russell [5] and 
Van Zandt [6] studied baseball bats and Roberts et. al. [7] and Merkel and Blough [8] studied vibrations 
in golf clubs.  There has not yet been published work on the vibrational characteristics of goalie sticks.  
This paper shows the differences between wood and composite goalie sticks from a vibration standpoint. 
Data was collected on a wood stick, a regular composite stick and a composite stick with a vibration 
absorber using three damping tests. 
2. Data Collection 
Three damping tests were conducted on the goalie sticks.  In the first test, the stick was supported by 
rubber bands on the bench and an accelerometer was placed on the top of the toe.  The stick was struck 
with a force hammer at the intersection of the shaft and paddle.  An average of four impacts was taken for 
each stick.  No windowing was done to get accurate damping rates.  This test was done to acquire a 
damping rate which comes from the equation of motion for a mass-spring damper [9], 
0  kxxbxm  , (1) 
where m is the mass, b is the damping, k is the spring constant and x is the displacement.  A hockey 
stick is an underdamped system which means that the damping rate, J is less than the natural frequency 
of the system and has the solution, 
   tAetx dt ZJ cos , (2) 
whereJ = b/2m is the damping rate and Zd is the damped natural frequency.  The FFT analyser used 
for data acquisition gives a ratio of damping to critical damping, but to extract physical meaning, this 
needs to be converted to the damping rate.  The width of the peak of a Single Degree of Freedom (SDOF) 
curve in the frequency domain gives the damping ratio ], which is the ratio of actual damping to critical 
damping, 
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whereJk is the damping rate and fk is the resonance frequency in Hertz. Eq. 3 can be rearranged to 
solve for, the damping rate, J [10], 
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The second damping test was done to acquire a decay rate, showing how the vibration amplitude 
decreases with time due to damping.  The stick was suspended between the thumb and the index finger 
using rubber bands.  The stick was dropped quickly so the blade hit the floor and released to excite the 
stick vibration.  The analyser was setup using a waterfall spectrum in a 1/12th octave band and the signal 
recorded for 10 seconds.  The accelerometer was placed at the intersection between the paddle and shaft, 
like for the previous test, and we measured the acceleration of the stick as a function of time after the 
impact with the floor. 
The last damping test was to analyse the accelerometer signal for specific frequencies.  The stick was 
suspended on rubber bands on a bench like for the first damping test with the accelerometer at the 
intersection of the shaft and paddle where the hand is placed and the blade was impacted with the force 
hammer.  The accelerometer signal was filtered to collect data in 1/12 octave bands centred at 200 Hz, 
250 Hz and 315 Hz.  This range of frequencies was chosen since the tactile response to vibration in a 
hand-held instrument is most sensitive in this range [11]. 
3. Results for wood vs. composite 
Table 1 shows the damping rate and decay rate results for a wood and carbon fiber stick.  From the 
table, one can see that there is more damping in the wood stick than in the carbon fiber stick, especially at 
higher frequencies where there is three to four times as much damping in the wood stick.  The rate of 
decay is also quite a bit larger for wood.  The numbers here are represented in dB per second which is a 
logarithmic scale.  As a general rule, a change of 6 dB represents a doubling or halving of the amplitude. 
Table 1. Damping rates and rate of decay for a wood and composite goalie stick  
Wooden Goalie Stick Carbon Fiber Goalie Stick 
Frequency 
(Hz) 
Damp Ratio 
]
Damp 
Rate
J
Rate of decay 
(dB/s) 
Frequency 
(Hz) 
Damp Ratio 
]
Damp 
Rate
J
Rate of decay 
(dB/s) 
37 4.63E-3 1.0 -6.6 44 1.10E-3 0.3  
51   -29.6 78 7.29E-4 0.4 -4.3 
95 4.87E-3 2.6 -19.8 108 1.99E-3 1.3 -6.6 
130 7.05E-3 7.0 -31.2 135 1.88E-3 1.6 -9.9 
182 5.51E-3 6.1 -31.9 200 1.91E-3 2.4 -12.8 
215 6.04E-3 9.2  247 3.06E-3 4.7 -17.7 
270 7.40E-3 14.3 -34.5 298 2.18E-3 4.1 -21.2 
356 6.87E-3 16.5 -34.2 393 3.38E-3 8.3 -33.7 
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Fig. 1 shows the accelerometer trace results for the two sticks within the 1/12 octave bands centered at 
200 Hz, 250 Hz and 315 Hz.  From the traces, these numbers are put into more perspective.  For the three 
plots, the wood stick initially has a higher amplitude but the vibration decays more quickly than the 
carbon fiber stick that initially has a lower amplitude. 
Fig. 1. (a) Wood and CF stick with a 200 Hz filter; (b) Wood and CF stick with 250 Hz filter; (c) Wood and CF stick with 315 Hz
filter
4. Vibration results for a composite stick with an absorber 
Based on the results for the composite stick vs. the wood stick, it is clear that there is a need to develop 
some sort of a vibration absorber for the composite stick.  The absorber is a hard rubber insert placed in 
the joint between the paddle and the shaft of the goalie sticka. The results for the new stick with a 
vibration absorber showed great improvement when compared with sticks in the same category as seen in 
Table 2.  There was more overall damping in the new stick than in the same stick without the vibration 
absorber.  For the lower frequencies, there is about twice as much more damping in the new stick as the 
old one.  As the frequencies increase, there is a greater difference in the damping rate, favoring the new 
a Due to proprietary reasons, a photo cannot be included 
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vibration absorber. The new stick is not quite as good as the wood stick but provides a lot more damping 
than the regular carbon fiber stick.  The decay rate was also bigger for the new stick when compared to 
the baseline composite stick but also not as high as the wood.
Table 2. Damping rates and rate of decay for all three goalie sticks  
Wooden Goalie Stick Carbon Fiber Goalie Stick CF with Vibration Absorber 
Freq
(Hz) 
Damp 
Rate
J
Rate of decay 
(dB/s) 
Freq
(Hz) 
Damp 
Rate
J
Rate of decay 
(dB/s) 
Freq
(Hz) 
Damp 
Rate
J
Rate of decay 
(dB/s) 
37 1.0 -6.6 44 0.3  39 1.3  
51  -29.6 78 0.4 -4.3 77  -33.1 
95 2.6 -19.8 108 1.3 -6.6 98 0.4 -17.6 
130 7.0 -31.2 135 1.6 -9.9 116 2.0 -14.2 
182 6.1 -31.9 200 2.4 -12.8 191 2.3 -16.6 
215 9.2  247 4.7 -17.7 232 2.7 -26.1 
270 14.3 -34.5 298 4.1 -21.2 262 5.7  
356 16.5 -34.2 393 8.3 -33.7 283 14.4 -32.2 
When analyzing the accelerometer trace for the 200 Hz, 250 Hz and 315 Hz 1/12 octave band data as seen 
in Fig. 2, both the peak amplitude and the shape reflect a positive change.  The peak is lower for the 
carbon fiber stick with the absorber and the signal decays faster than the stick with no vibration absorber.  
This is not as clear on the 200 Hz data but the 250 Hz and 315 Hz data show this clearly. The wood sticks 
still have a higher initial amplitude but decay faster than the composite stick with a vibration absorber.   
Fig. 2. (a) all three sticks with a 200 Hz filter; (b) 250 Hz filter; (c) 315 Hz filter 
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5. Player feedback 
Overall, the feedback from goalies using the new goalie stick has been good; all players who have 
tested it prefer this new damped design over the older non-damped composite stick.  The damping effect 
was noticed immediately, yet it does not negatively affect the “feel.” Players say the control of rebounds 
is improved when using the carbon fiber stick with the damper. The new damper has the added benefit of 
increased flexibility at the point where the damper is located which improves puck play and clearing 
passes. After extended use, the player feels a huge difference when switching back to a regular composite 
stick, finding them painful and difficult to use. 
6. Conclusion  
The new composite stick with a vibration absorber was designed to try and eliminate some of the sting 
felt by players using carbon fiber goalie sticks.  The vibration data shows a positive change but is not 
quite as good as the wood sticks. Overall, players are responding positively to the new vibration absorber. 
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